Severe heroin-induced pulmonary edema occurred in fects over many weeks. Concomitant aspiration of gastric three previously healthy young men. Adequate arterial acid was thought to be the explanation for the severity PO:! could only be achieved with the use of positive endof these cases. In cases such as these, initial vigorous expiratory pressure (PEEP). Recovery was characterized therapy, including PEEP for hypoxia, corticosteroids for by the gradual clearing of the pulmonary infiltrates and possible aspiration and volume replacement for hypoa gradual lessening of the severe restrictive ventilatory detension, is recommended.
A 23-year-old man was adniitted comatose to this hospital on November 11, 1972 . A short time prior to admission he had been found unconscious, cyanotic and frothing at the mouth in his barracks. He was taken to the local dispensary, intubated and given 10 mg nalorphine HCL intravenously and transferred to this hospital. It was thought that he had aspirated gastric material since food particles were obtained from his lungs after intubation. His past medical history was unremarkable except for occasional drug abuse. He subsequently adniitted using heroin intravenously on the day of adniission. Physical examination revealed a comatose, 'From the Department of Medicine, The US Army Hospital, Okina\va. "'Chief, Pulmonary hledicine Service. +Chief, Deparhnent of hledicine. Manuscript received December 3, 1973 cyanotic man with shallow respirations and a respiratory rate of 24. His pupils were pinpoint and did not respond to light. Auscultation of the lungs revealed coarse rlionchi and rales throughout both lung fields.
The admission chest x-ray filni revealed diffuse alveolar infiltrates. The patient was treated with penicillin and hydrocortisone intravenously for possible aspiration pneumonia. The arterial blood gases after intubation with the patient on a volume type respirator and 100 percent 0 2 revealed a pH of 7.37, P C O~ of 38 cm H.0 and a Po? of 22 cm H -0 . Over the next 23 hours, much difficulty \\.as encor~ntered in maintaining adequate arterial oxygenation with a volr~me type respirator. At this time the addition of 5 cm H-O positive endexpiratory pressure \vith 60 percent inspired O: ! resulted in a Po:! of 66. The patient improved and was extubated 38 hours post-admission. This patient was never hypotensive. He had a low grade fever during the first 72 hours and then spiked to :39.1OC, but no pathogens were ever gro\vn from either the sputum or blood.
A repeat chest x-ray film four days after ad~nission deliionstrated only partial clearing of the pr~lmonary infiltrates.
Serial a n i s demonstrated persistence of the infiltrates. T h e forced vital capacity ( F V C ) 2% weeks after admission was 5 3 percent of predicted, but there was no evidence of obstruction. Repeat pulmonary function tests and a chest xray a m one week later were unchanged. Arterial blood gases at this time revealed PO? of 70, Pco:! of 32 and pH of 7.44.
The patient was asymptomatic and could climb four flights of stairs without difficulty. In Febniary 1973, the FVC had increased to 82 percent of predicted, the arterial blood gases were normal and the chest x-ray film was completely nom~al.
A 20-year-old man was admitted comatose to this hospital on February 3, 1973 . Approximately two hours prior to admission he had been found unresponsive in his barracks.
His past medical history was unremarkable except for occasional heroin abt~se. He subsequently adniitted r~sing heroin intravenously shortly before he became comatose. On admission he was coniatose, cyanotic and nearly apneic. The pupils were miotic and nonreactive. There were rales and rhonchi throughout both lung fields, and there \vas a regular tachycardia of 130 per minute.
He was intubated and given 15 mg of nalorphine HCL intravenously. Endotracheal suction revealed bloody pulmonary edema fluid with some food particles. After the patient was put on a volume respirator with 50 percent oxygen, the Po2 was still only 39 mm Hg and a PEEP of 11 cm H 2 0 was required to maintain the arterial Po:! above 50 mm Hg. Over the next 48 hours he awoke, his lungs became clear to auscr~ltation and he was extul~ated.
He became hypotensive shortly after being admitted and metaraminol was used over the next 12 hours to maintain a systolic pressure of 100 mm Hg. He also developed a temperature in the 38.B0 to 39.4"C range in the first six hours of hospitalization and remained afebrile for the following 72 hours. Multiple cultures of the blood, sputum and urine grew no pathogens. Because of purulent sputum, the patient was started on tetracycline on the third hospital day and he was afebrile after the sixth day.
The chest x-ray film on admission revealed diffuse bilateral alveolar infiltrates. A repeat roentgenogram six days after admission revealed that the infiltrates had iniproved but they did not clear completely for more than three weeks. Within two weeks the arterial blond gases at rest were nearly normal. The original spirogram attained one week after admission showed a severe restrictive ventilatory defect without any evidence of obstruction. Over the following six weeks, the patient became completely asymptomatic and the FVC increased to 70 percent of predicted.
A 21-year-old man was admitted to the hospital on July 9, 1973. Shortly before admission he had been found staggering around his barracks and shortly thereafter had become comatose. He was taken to the nearest dispensary and upon arrival there became apneic. He was given 0.4 mg naloxone hydrochloride intravenously and there was a spontaneous return of respirations, but he remained semicomatose with pinpoint pupils.
Upon amval at this hospital he had normal blood pressure, pulse and chest examination. However, a few minutes later fulminant pulmonary edema and cyanosis ensued which necessitated inhtbation. The patient subsequently admitted the use of intravenous heroin just prior to his illness.
He had i~sed heroin on only one previous occasion.
Blood pressure was 110/60, pulse rate 110 and respiratory rate was 50. Physical examination was normal except for cyanosis and diffuse inspiratory and expiratory rales throughout both lung fields. He expectorated copious amounts of b l d -t i n g e d pulmonary edema fluid.
The patient was placed on a volume respirator with 60 percent oxygen. Afterwards, Po. was 31, PC% was 42, p H was 7.16 and bicarbonate was 14.2. The chest x-ray film showed extensive bilateral pulmonary infiltrates. The hematocrit was 57 and the white blood cell count was 5,000 with a noni~al differential. The patient was then given 5 ampules of sodium bicarbonate and placed on 100 percent oxygen with a PEEP of 5 cm H 2 0 . This corrected the acidosis but the Po:! increased only to 33 mm Hg. The patient then developed atrial fibrillation with a ventricular rate of 190 and was cardioverted. He then became hypotensive and was started on metaraminol. The infusion of four units of salt free all~rmmin over the next several hours alleviated the need for metaraminol. He was also treated with intravenous dexamethasone for three days.
Over the next 72 hours a Po2 above 40 mm Hg could only be maintained with a PEEP of 15 c m H -0 . The patient developed left pneumothorax on the third hospital day and right pner~mothorax on the fifth hospital day for which chest tubes \irere inserted. He experienced temperature elevations to 40.0°C over the first week of hospitalization and was treated with cephalothin and gentamicin although multiple blood, sputum and urine cndtures grew no pathogens.
Grad~ially the patient improved and was extubated on the fifth hospital day. Chest x-ray films revealed gradual clearing, but some infiltrates still persisted after almost four weeks. Arterial blood gases gradually improved; however, on August 9, with the patient breathing room air the Po:! was still only 72 with a Pco:! of 37 and a pH of 7.44. Serial spirornetry demonstrated a severe restrictive ventilatory defect which continued to improve up until the time of discharge. The FVC was only 9 percent of predicted one week post extubation but gradually increased to 37 percent of predicted over the next three weeks. At this time the patient was asymptomatic and could climb two flights without difficulty.
The mortality associated with heroin-induced pulmonary edema is significant. In the two largest However, recent studies by Nicotra and co-workerss have shown that the mixed venous oxygen content increases in the patients that benefit from PEEP.
The three patients in this report all appeared to benefit from PEEP. Arterial Po2 above 50 cm Hz0 could be achieved only with PEEP. There have been only scattered reports of the use of PEEP with opiate-induced pulmonary edema. Leftwich and colleagues7 mention two cases of heroin-induced pulmonary edema that appeared to benefit from PEEP, but did not give details. Schaaf and associates1° reported one case of methadone-induced pulmonary edema that appeared to benefit from PEEP. PEEP has an important role in the management of heroin-induced pulmonary edema and should be instituted whenever an arterial Po2 of at least 50 mm Hg cannot be obtained with an F I O~ of 50 percent. Its early institution should prevent some cases of oxygen toxicity which occur when high inspired concentrations of oxygen are given for more than 24 hours." Once therapy with PEEP is started a constant alert for pneumothoraces must be maintained. As many as 50 percent of patients6 receiving PEEP will develop pneumothorax as did one of our patients.
The persistence of pulmonary infiltrates for over three weeks in our patients is distinctly unusual in heroin-induced pulmonary edema. Most of the previously reported have had complete clearing of the pulmonary infiltrates at five days and almost all have had complete radiologic clearing within 14 days. Schachter and Basta1* reported two patients who had persistent pulmonary infiltrates for many weeks after heroin-induced pulmonary edema. However, both these patients had been on respirators for prolonged periods ( 9 and 18 days) and their chest x-ray films never cleared. In contrast to our patients they remained very symptomatic, had spirograms characterized by an obstructive rather than a restrictive ventilatory defect and had proved bronchiectasis.
Most patients with heroin-induced pulmonary edema initially have a severe restrictive ventilatory defect, which rapidly improves over several
Frand and co-workers4 studied 16 patients within the first few days after heroin-induced pulmonary edema and found that the average FVC was only 47 percent of predicted. It increased rapidly but remained reduced even after the chest x-ray film was clear. They followed none of their patients more than ten days. When their patients were last tested after an average of 6.3 days, the mean FVC was 65 percent of predicted.
The patients in the present series had a more severe and persistent restrictive ventilatory defect than did Frand's patients. Their average FVC on the first measurement was only 30 percent of predicted and after four weeks had only increased to 50 percent of predicted. They resemble two cases of severe methadone-induced pulmonary edema reported by Frand and co-workers13 both of whom had a severe restrictive ventilatory defect that only improved gradually over many weeks. It should be emphasized that both the persistent infiltrates and the restrictive ventilatory defect do improve with time and therapy with corticosteroids is not necessary.
The explanation for the severity of the initial pulmonary edema, the marked persistence of the roentgenographic abnormalities and the restrictive pulmonary defect is not clear. Katz and associates14 have shown that the average protein concentration in pulmonary edema fluid is much higher (98 percent of serum ) when the edema is induced by heroin than when it is due to cardiac disease (40 percent of serum). However, there is no reason to believe that the protein content of the pulmonary edema fluid in our patients was any higher than in those patients with less hypoxia who recover completely within 72 hours. A second factor that could explain the persistent infiltrates is oxygen toxicity. However, since none of our patients received greater than 50 percent oxygen for over 24 hours this appears to be unlikely."
The most plausible explanation is that the patients also aspirated acidic gastric liquid at the time their sensorium was depressed by the heroin. Sincc we did not measure the pH of the material aspirated from the pharynx or trachea, we have no proof that this \vas the case, although food particles were aspirated from the lungs of two patients. The aspiration of acidic gastric contents leads to fulminant pulmonary edema in both the ~l i n i c a l '~ and experimentallR-'" setting, and produces a picture similar to that seen with heroin-induced pulmonary edcma. The pulmonary edema develops within the first few hours of aspiration, not necessarily immediately. If the patient survives, the chest x-ray film usually becomes normal within the first week. The patients are usually febrile in the period following the aspiration and this is thought to be due to chemical pneumonitis rather than bacterial infection.I5 However, some patients do develop a superimposed bacterial infection which can lead to severe bronchiectasis and chronic pulmonary insufficiency. 12 The hypotension associated with aspiration pulmonary edema is thought to be at least partially due to the loss of large amounts of fluid into the lung.I5 In experimental studies in dogs, the plasma volume has decreased by as much as 35 percent,I6 following aspiration. The rapid response of the hypotension to t h e infusion of salt free albumin in one of our patients (No. 3 ) supports this hypothesis. Since the pulmonary edema fluid secondary to both heroininduced14 and aspiration-induced16 pulmonary edema contains a high concentration of protein, we feel that a judicious trial of salt free albumin or plasma is indicated in hypotensive patients with heroin-induced pulmonary edema.
Experimentally it has been shown that the administration of systemic mrticosteroids at the time of aspiration decreases the degree of hypoxia,17 increases the rate of resolution of the infiltratela and decreases the extent of the lesions microscopically. 19 We feel that systemic corticosteroids should be given to all patients with heroin-induced pulmonary edema since it is often impossible to determine whether or not the patient aspirated.
After reviewing our three cases and those in the literature, we recommend the following therapeutic maneuvers in patients with severe heroin-induced pulmonary edema: ( 1 ) Cortimsteroids systemically as soon as the diagnosis is made. 
ANNOUNCEMENTS Taos Lung Disease Symposium

Fifth Aspen Radiology Conference
The Aspen Institute for Humanistic Studies, therapy and will explore the impact of clinical and Aspen, Colorado will b e the site for the Fifth Annual technological advances on radiologic practice. FurRadiology Conference, March 3-7. The Conference is ther information may b e obtained from Dr. Maurice designed for physicians and scientists interested in O'Connor, Conference Director, Division of Radiolodiagnostic radiology, nuclear medicine and radiation gy, Denver General Hospital, enver 80204.
Thromboembolism: Diagnosis and Treatment
The American Heart Association (Council on Doral Beach Hotel, Miami Beach, February 27, 2 8 Thrombosis), Florida Heart Association and Heart and March 1. For further information, contact George Association of Greater Xliami will present a course on E. Stewart, Jr., American Heart Association, 44 East Thromboembolism: Diagnosis and Treatment, a t the 23rd Street, New York City 10010.
